IMPORTANCE Community functioning is a core component of the functional deficits in schizophrenia, yet little systematic research on the origins of these functional deficits has been performed.
S
chizophrenia affects approximately 1% of the population. Mostly known for psychotic features and neuropsychological deficits, the disorder is also characterized by persistent impairment in community functioning. 1, 2 For many individuals, the first signs of illness manifest long before the first psychotic episode. Substantial evidence indicates that, before illness onset, individuals with schizophrenia experience mild psychotic experiences 3, 4 and have IQ scores approximately one-half an SD below healthy comparison controls. 5 The few studies that investigated community functioning before illness onset have found subtle functional deficiencies in early functional development [6] [7] [8] [9] followed by more severe impairments during late adolescence. 10 However, prior examinations of premorbid community functioning deficits in schizophrenia have not addressed 2 critical questions. The first question concerns whether various premorbid abnormalities have different developmental trajectories. The literature commonly reports associations between schizophrenia and difficulties in independent living, adaptation to school or work, and social interactions, 2, [11] [12] [13] [14] which are largely independent from each other. 15 Therefore, these domains may have different origins and appear at different stages of the illness. Although most researchers acknowledge that impaired community functioning is one of the most crucial factors in the pathway to schizophrenia, prospective investigations are scarce. Previous, mostly retrospective, reports [16] [17] [18] [19] have generally combined multiple, premorbid, community functioning constructs into one factor. Data on the differential developmental trajectories of deficits in the 3 core functional domains-social activity, independent behavior, and functioning in school or work-are limited. The second question relates to the familiality of impaired community functioning. Despite the importance of community functioning to the development and course of schizophrenia, there is no clear understanding of whether premorbid community functioning impairments represent liability to the disorder or a marker of illness. Community functioning anomalies in relatives of patients 6, [20] [21] [22] suggest that dysfunction is familial and potentially genetically linked to schizophrenia. 11 However, results are conflicting, 11,23-25 and no prior study, to our knowledge, has examined whether different domains of impaired community functioning are equally familial. A detailed evaluation of the developmental trajectories and familiality of the most important domains of community functioning may provide important etiologic clues. We examined the trajectories and familiality of 3 key components of community functioning-social activity, independent behavior, and functioning in school or work-in the years preceding hospitalization for schizophrenia.
Methods

Assessment of Community Functioning
Most Israeli male adolescents (aged 16-17 years) undergo a cognitive, behavioral, and psychiatric draft board assessment to determine eligibility for military service. Part of this assessment entails a structured interview administered by collegeaged individuals who complete a 4-month training on the administration of draft board tests. This interview evaluates, among other things, 3 domains of community functioning ( Table 1) . Reliability and validity of the interview measures have been extensively tested by the draft board, and population-based norms are available for each test. 26, 27 The social engagement and functioning in school or work domains are highly correlated with equivalent domains of the Premorbid Adjustment Scale.
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National Psychiatric Hospitalization Case Registry
The Israeli National Psychiatric Hospitalization Case Registry includes a complete listing of all psychiatric hospitalizations in the country. The record of each hospitalization includes International Statistical Classification of Diseases, 10th Revision (ICD-10), diagnosis codes assigned at discharge. All inpatient psychiatric facilities in the country, including day hospitals and psychiatric units in general hospitals, are required by law to report to the register. Reporting is monitored by a special unit of the Ministry of Health that verifies reporting adherence and consistency of information, thereby ensuring completeness and correctness of the registry. 29 In this study, we identified all patients with a final discharge diagnosis of schizophrenia (ICD-10 codes F20.0-F20.9).
Registry Linkage
After receiving approval from the Israeli Defence Forces Medical Corps Institutional Review Board and the local institutional review board, functioning data were linked with records of the hospitalization case registry by using the national identification number (equivalent to the US Social Security number) as the linking variable. For individuals who visited the draft board and who appeared in the hospitalization registry, final discharge diagnoses were added to the file. The national identification number was then removed to preserve pa- tient confidentiality. A small proportion of individuals included in this analysis were also used in an earlier report. 30 However, in addition to addressing different questions, the cohort in the present study also includes unaffected siblings, is substantially larger, and has a longer follow-up period. Analyses were conducted from March 13, 2014, to October 19, 2014.
Sibling Pairs
To examine familiality of premorbid impairment in community functioning, we created a file in which patients hospitalized for schizophrenia were matched with their nonaffected siblings. These sibling pairs were compared with sibling pairs in which both were unaffected (comparison group).
Siblings that were assessed more than 10 years apart from the patient and twin pairs were excluded. Because of possible intrafamilial correlation, only one affected patient and one nonaffected sibling (closest in age) per family were included in the analyses.
Statistical Analysis
First, interdependence among the 3 functional domains (ie, how well impairments in one domain predicted deficits in the other) was examined with linear regression analyses. To examine which of the 3 community functions were already impaired before illness onset, differences in functional impairments between the general population and future schizophrenia cases were estimated with univariate analyses of covariance. The potential confounders of immigration, socioeconomic status, and IQ were entered as covariates. To limit this analysis to adolescents with no obvious signs of disease during draft board assessment or with impairments in community functioning due to lower IQ, we excluded individuals who had a psychiatric hospitalization 1 year or less before assessment and with an IQ below 70. Those hospitalized with a nonschizophrenia diagnosis were also excluded.
To explore when impairments in community functioning start to appear, we examined the association between time of testing of community functioning and time of first admission. In this analysis, individuals hospitalized before or within 1 year after draft board assessment were included. We created a time to event variable by subtracting year of testing from year of first hospitalization. A value of 0 denoted an individual hospitalized within 1 year of assessment, a value of 1 within the second year, and so on. Patients diagnosed as having schizophrenia before assessment and their siblings were assigned a value of −1. We ran a trend analysis to test for linearity of differences between patients and controls as a function of time.
Second, familiality of premorbid impairments in the 3 community functions by comparing cases, siblings, and the general population was examined. The potential confounders mentioned above were controlled for in all analyses. Group familial (sibling) correlations (r g ) between impairments in community functioning and schizophrenia were calculated using the following formula: r g = (Sibling Mean -Population Mean)/ (Patient Mean -Population Mean). The r g value provides an estimate of sibling correlations and gives an approximate indication of the familiality of a trait. 31 To examine whether change in impairment over time observed in patients was attributable to the developing illness or familial traits, we examined developmental trajectories of the unaffected siblings using time to first admission of the affected sibling as the reference point. Similar to the patient analyses, we ran a trend analysis to test for linearity of differences between unaffected siblings and controls as a function of time.
We then examined the co-occurrence of severe premorbid impairments in community functioning within families by calculating the relative risk (RR Finally, intraclass correlation coefficients (ICCs) were used to quantify the extent to which severe impairments in community functioning co-occurred in sibling pairs. To estimate whether this correlation was higher in affected families than unaffected families, we repeated the same procedure in unaffected sibling pairs. Because of the large sample size, P < .001 was considered statistically significant in all analyses.
Results
Cohort Characteristics
The merged file included data of all male adolescents who visited the draft board (n = 935 040) and were followed up for as much as 25.4 years from draft board assessment (through the end of 2010) (mean, 9.9 years; range, 0-25.4 years). Of these, 723 316 had functioning data, an IQ greater than 70, and a valid family identifier and were not hospitalized for a psychiatric disorder other than schizophrenia for at least 365 days after visiting the draft board. Of these, 3929 were eventually hospitalized for schizophrenia. The sibling-pair analyses included 338 550 individuals, with 1659 sibling pairs with one affected and one unaffected sibling and 167 616 comparison sibling pairs. Figure 1 shows that patients with schizophrenia had premorbid impairments only in 2 components of community functioning: social activity (standardized mean difference effect size [d] = 0.55) and functioning in school or work (d= 0.37). Differences between cases and controls in social activity increased as time between hospitalization and time of testing decreased (time trend: F 1,3559 = 115.33, P < .001). Figure 2 shows that social activity impairments first increased approximately 15 years before first hospitalization, further increased 5 years before hospitalization, and continued to increase thereafter. Impairment in independent behavior started increasing 5 years before hospitalization (time trend: F 1,3559 = 20.38, P < .001). No statistically significant overall change in the magnitude of impairment in functioning in school or work was evident (F 1,3559 = 1.813, P = .17), but Figure 2 suggests a trend toward a decrease in functioning approximately 8 years before hospitalization. Figure 2 shows that unaffected siblings had small impairments compared with controls in social activity (F 1,227 593 = 28.25, P < .001) and functioning in school or work (F 1,227 593 = 14.77, P < .001). Group familial (sibling) correlations were relatively high for social activity (r g = 0.40; 95% CI, 0.39-0.41) and functioning in school or work (r g = 0.50; 95% CI, 0.49-0.51) but nil for independent behavior (r g = 0; 95% CI, −0.01 to −0.01).
Developmental Trajectories
Between-Group Comparisons for Familiality
In contrast to patients, impairments in siblings had no progressive increase (Figure 2 ) and were unrelated to their affected sibling's time of illness onset (time trend: social activity: F 1,2395 = 5.463, P = .02; independent behavior: F 1,2395 = 0.908, P = .34; and functioning in school or work: F 1,2395 = 1.386, P = .24).
Within-Family Comparisons for Familiality
Demographic and functional data of the matched sibling pairs used for within-family comparisons are presented in Table 2 . Patients had signific antly fewer years of educ ation (t 1638.23 = −7.78, P < .001), lower IQ (t 1577.29 = −19.27, P < .001), and lower socioeconomic status (t 1321.03 = −3.51, P < .001). Siblings were comparable to controls in terms of educational level but had a signific antly lower socioeconomic status (t 1300.88 = −4.24, P < .001). Table 3 gives the number of patients, siblings, and controls with very poor (score, 1) and poor or weak (score, 2) community functioning scores. There was a clear dose-response relationship for both social activity and functioning in school or work with the RR for concordance in affected families increasing with increasing impairment. However, concordant pairs for the lowest scores were rare, and the RR for independent behavior could not be calculated.
The 
Discussion
With data from more than 700 000 individuals, this is, to our knowledge, the largest population-based study evaluating the developmental trajectories of impaired community functioning in schizophrenia. Our findings add to the existing knowledge of functional impairment trajectories in schizophrenia in 3 important ways. First, our results indicate that not all domains of community functioning are equally impaired premorbidly in those who develop schizophrenia. Overall, cases were found to be significantly impaired in social activity and functioning in school or work, with impairments in the former being most severe.
Second, various impairments in community functioning may appear at different developmental stages. Impairments in social activity in cases began increasing and diverging from those of their unaffected siblings as early as 15 years before first hospitalization, stabilized for approximately 10 years, increased again 5 years before onset, and continued to increase thereafter. The magnitude of change in impairment in functioning in school or work was not significant, but our findings indicate a trend for functional decline starting 8 years before hospitalization, followed by impairments in independent behavior approximately 5 years before hospitalization.
Third, our results expand on previous research by revealing that impairments in social activity and functioning in school or work are familial. Siblings of patients exhibited small impairments compared with controls, and more severe deficits were seen in siblings of patients with more severe social impairments themselves. However, in contrast to patients, impairments in siblings did not increase progressively over time.
Although registry-based national cohort studies offer the unique advantage of prospectively following up large unbiased samples of individuals, they are not specifically designed to investigate schizophrenia and are therefore subject to some methodologic constraints. We cannot rule out that long-term absence of premorbid impairment in independent behavior is due to lower sensitivity of this scale. However, the largely comparable score distributions between community functions 33 and the increasing impairment in independent behavior closer to hospitalization render it unlikely that differences in psychometric properties fully account for its discrepant findings. In addition, we were only able to use hospitalization to ascertain schizophrenia diagnosis, which may have led to underrepresentation of schizophrenia cases. However, because only 7% of individuals with schizophrenia in Israel are never hospitalized, 35 it is unlikely that underrepresentation had a large effect on our results. Data were also only available in males, so future research in females is needed. In addition, data on premorbid deterioration of community functioning are based on cross-sectional evaluations, thus not allowing subgroup-and within-subject analyses. Longitudinal studies are needed to confirm whether the decrease is indeed a function of time to illness onset and to examine whether subgroups exist within the 3 community functioning domains, as previously found in retrospective schizophrenia studies 36, 37 using the Premorbid Adjustment Scale. Of the 3 functional domains, premorbid impairment in social activity was by far most pronounced. By illness onset, cases had social activity scores of more than 1 SD below healthy comparison controls. This finding adds to an increasing body of research that suggests that impairment in social activity is one of the most fundamental factors in the pathway to schizophrenia [38] [39] [40] [41] [42] and clearly separates vulnerable individuals who develop a psychotic episode in the years before first hospitalization from those who do not. 6, 36 However, most previous studies [6] [7] [8] [16] [17] [18] [19] [36] [37] [38] [39] [40] investigating social activity in schizophrenia used either a retrospective or prodromal design, limiting conclusions that can be drawn about the temporal association between impairments and the start of psychotic symptoms due to recall bias or confounding by emerging symptoms. Our findings reveal that impairments in social activity are already present 15 years before first hospitalization. There are a number of possible explanations for the progressive deterioration in community functioning found in this study. The first, most frequently posited model asserts that premorbid deficits in schizophrenia result from disturbances in the agedependent neurodevelopmental processes. 42, 43 It has been argued that early adolescence, a time of substantial brain maturation, might be particularly critical and that the decrease in functioning reflects disrupted neurodevelopmental processes. However, our findings suggest that an age-dependent model may not fully explain the decrease in social activity before first hospitalization. The stepwise decrease at 15 years and then again at 5 years before hospitalization suggests 2 critical periods, periods that may also be dependent on time to onset rather than just age. During the first decrease, schizophrenia cases may begin to diverge from their genetic potential, as indicated by the deviation from unaffected siblings. This diversion may suggest that the illness begins up to 15 years before first hospitalization.
The second crucial period, 5 to 8 years before hospitalization, arguably represents the start of the prodromal phase, which in some cases occurs years before the onset of psychosis. 3 During this phase, community functioning may begin or continue to decrease and other symptoms increasingly appear. As argued previously, 40,44 the accelerated decrease in functional impairment during this phase may be due to the emergence of symptoms in combination with increasingly demanding and complex social contacts as adult roles are taken on. Impaired social interaction, in turn, may further reinforce delusions because dysfunctional beliefs are not tested among peers. 32 Longitudinal prospective research is needed to test this idea and to examine to what extent changes in functioning are driven by cognitive changes. Regarding the familiality of impaired community functioning in schizophrenia, our findings support previous work 9,20,33,35-38 that reveals that vulnerable families have decreased genetic functional potential. We found a small, but clear, dose-response relationship between the magnitude of impairments in social activity and functioning in school or work and level of familiality. In contrast, independent behavior was not at all familial, and deviations in this domain emerged only
